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Hem coli strains- cro~aes 

October 26, 1949. .- 

Firstprapara inocula ovamight. Then mix,1 al inocula, grou bogether 36 h. 

lrgh qi .pl+ta qq ‘p(0). 

A. Ill7 3. 1135 c. llg7 -D. 1222 s. 1222+466 F. n22 + 477 Q 1222+u17 
43,o;o l?o;O,O, l?,O,O O,O,l 6,1,3,2,3 LO 0 

Ha 1222+ I.I.9'7 LIZ?2 + I.l35. 
-000000 cooooco 

w-1222 ia val-Argt3lut-yal-Qal~~ Other stock8 are Lac-. 

Yields (per plats, 3 da@) See above 
(L...~ 
Mokprototrophs 0a.B (&~6[U2~] x%-1222. Streak out on EMB Lac to purify 

and i&t: 



Dominance of BarI in diploids 635 
.‘-- 

-0ewr 25 @3B -1949. 

W12l7 x W-677 on Lac IQ@. oood yield. Pick 100 I++ +d streak out on 

Lac EM3 for La& x0 4 Lacy found. hU.l were lambda+ /518] 

RaiUOl~~tOE1ssLac. 63%lqnd635-8 streakedwt,andLac- and + ~gragan~s 

isolated. Test on HA + AZ. t (Ha controls all +) 

635 -1 -8 
. lr &a- 2r 38 5%: Srb 4r 18 

4~Lacv~ all r -(8 agmganta?) all r. 
. 

30th ticma culturea, therefore, are segrgating for As r/s. -~ 
- ~- ~~~~ Noti &Jt&l&g 

.- Lae- 3:7 be* @l i&ieathg It.hkqge ef Aa -te Lae-, ui# fmquent~ -~ 
croa8~~ 

f+kest diploida on syathatbz nmiium. 

..,. ~. 

-. .~ . . 

__ 

. 

. 
. . . 



Mal duplex prototrophs 636 

Oct. 25-1949 VW 
.- 58-m x 677. -EM8 W. bek for Ifal+/- -sectored pr&&mphs. 

7 found. Stseak out on EM A&l to soprate component8. 

from severa& hundred. -a!z@. 
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Hat incrosses 637 
Nov. 7, 1949. 

A. 1235 x 1239 

B. 1243 x 1239 . 

C.~l238 x 1236 

D.1238~1242 

A) heavy -background 20 small +/pl 

I B) aboute2CC large +/& -indir$ing from bckg 

100 from each to BIB Lac to look for Lac x 
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V.+rradiated: 

% 

b Irradiated 3 seei. 
~ca. 10-l wrv. 

8-Tees. 
ca 2x10 

Tot.. 

166. 534 721, 
3.3 22.9 73.8 

32 125 170 327 

10 38 52 
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This procedure is obviously not working m properly, presumably because 

of confusion between mutants within an inoculum to a plate, and those which occur 

during the growth of colonies on the plate. The samples from homologous sites 

are probably too small to have a ressonable probability of carrying an identified 

clone to the next inoculum. 

The procedure should be modified as follows: A broth culture should be spread 

or streaked on plain agar, and permitted to grow for just a few generations. 
printed to 

The thinly grown plate should then be W selective and plain agar, and 

the clones identified. The homologous site should then be inoculated to a 

small volume of broth, Which is then restreaked in the same manner. 
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Department of Genetics 
University of Wisconsin 
Madison 6, Wisconsin 

January 1, 1952 

Preservation of Bacterial Cultures on Silica Gel 

This circular was written in response to a number of inquiries. Judging 
from these, present methods for preservation of bacterial cultures are not 
entirely satisfactory, and it would be a real contribution to laboratory tech- 
nique to work out a better one. Unfortunately, I can only suggest a principle 
that seems very plausible, but that has not yet been empirically justified. 

The working principles are (1) that suitably dried bacteria should survive 
just as well in a sealed tube under air as in vacua, and (2) that if this is 
correct, chemically inert desiccants such as anhydrous silica gel could greatly 
facilitate the practice, The following arrangement has been tried: small vials 
or tubes are filled nearly full with silica gel (Davison Company, Baltimore: 
Grade 40, 6-16 mesh). About 1 to 1.5 gms. of silica fits well into the tubes 
used. The tubes are plugged, then baked in a sterilizing oven at 160-180 C., 
2 hours, to dry and sterilize the tubes. These are stored in a desiccator. The 
bacteria to be preserved are suspended in 2$ peptone. About .05 ml. is pipetted 
directly to the silica, and the end of the tube sealed off. The tubes were then 
stored in a refrigerator, The water disappears very quickly, To regenerate the 
cultures, the tubes were broken, and the silica poured into broth. Considerable 
gas is liberated. After about an hour to allow redispersion, viable counts were 
made on the broth. The 24-hour survival, in apparently dried condition, was quite 
high (about I@), but this was more encouraging than long-term experiments. After 
four - five months, the survival has been low, of the order of 10-5, and some 
tubes are inviable. In its present form, the method is not a success, and can- 
not be recommended for long-term preservation and storage. 1 think that it could 
be greatly improved, without complication, by experiments leading to a better 
suspending fluid, and possibly by drying the cells on a layer of glass bead over 
the silica. What is most needed is an improved theoretical understanding of the 
biology of suspended animation in successfully dried cultures. 

Despite its shortcomings, the silica gel tubes provide an ideal method for 
mailing cultures, They are not affected by undue cold in the way agar slants 
are, and probably ought to be more resistant to high temperatures as well. The 
mechanical strength of small sealed tubes allows them to be sent with simple 
padding in an ordinary envelope, and the absence of any liquid minimizes pos- 
sible hazards from breakage and leakage. 

I hope that other workers with suitable facilities to study preservation 
problems, or with a potential interest in the biophysics of suspended animation 
may be able to make some use of this suggestion. 

Joshua Lederberg 
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Trahsaission of F+ 899 

l/15/52 

1. Rashed csl,ls. Mix 58&&&l and WdO'7 in ml.ine. Incubate 3 - 9 PM. a) Streak out 
on PM3 Lac; b) Inoc. Penaaaay + an loUg/ml. c: A+ All XX x Y-10 unless indicated 

l.~Grow 58-161 + Wl32l ti Penaaaay. a&b as above. (a showed background of Lace and lambda 
plaques. Rc r3 b+nL b kdw~& F+ l%tJ. 

3. Tranamiaaion from lambda-sensitive to m. W-1655 
c: v 

+ W-1607 in Pennassay. Then a&b 

4. 
c: x5 

to aenaitive.W-1655 + W-1321.... 

5. F+ to W-1177. I&588 + W-1177 a & b. (a showed rare + $ap. b culture was pure.) 

In all uaaea, Lac- colonies from a) were pooled to make fresh inoculum. 
Cultures were reatreaked to control aucceaa of reaiolation of F- component. Growth 
from am-Penaaaay in b) uaa used directly, in each case wibh only barely detectable 
Lac+ residuum. 

6. Tra,nafer via lambda? 58-161 streaked out on W-1321 on EME &ac am. Plaques reatrsaked. 
fndividual colonies picked and teated for lyaoggnicity. #l (out of ca 25) was lyaogenic 
and reatreaked, rechecked. Sl.ngU verified lyaogenic colony retained for teat of 
F: (x y-10) 

7. Single colonies of W-1816 from stock culture (Itself re&&olated) streaked on I%¶!4 Gal(-), 
o=atock. 

. Teata (x Y-10 ext. 5, x W-1607) 
a b c(= retest pooled Lac- colonies from teat streaks of b) 

1 7 aA. + ? hllL07CmQ: - 
2 )++ +++ ++ 
31 -t-$-F +++ -I-+* 
4 J4 $4 +++ ++5 

f t-&t 
5 +*+ c: t++C 3 t+t J- ++* 7 *+c * utll7?c#4 - 

J tff- 6 +* d+++ -# y= W/PJ7 
~w’l77F+-~ 

6 .'. A&&WF+. $$%I. 

7 I:+++ 2+++ 3+++ 4+++ o+++ w-1607 -* F+ of -1816 ia therefore heritable at 
ler$t 50 cell generations. 

8. Crude aupernatant of 58-161. %d am lOug/ml. Inoc. V&1607, incubate l-7 PM. Limited 
overall growth! Reinoculate loopful 
out on EMB Lat. (C,)'hkc+J 

to Penaaaay am for croaa inoculum, and streak 

9. Who&e culture 58-161 inoc. oa 1:20 am Penassay. Add 73-1607 aa above.... 
4 ,r'f&? &+ 

10. Dense eel1 suspension 58-161 aerated, as above.... 4 .$A kc-t 
Croaaea of am-selected W-1607 treated component. 
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j-20-53. YLLotilize abony 1 and'2. Prepare FA l&C and 15C resp. from single colonj.es. 
Plating of lysate before heating showed: L$C 24 b : 1 enx colonies 

xc Ob:2Oenx 
These FA should behave substantially pure. - 

Prepare suspensions of TM2 and SWJ50, phases 
Plate mixtures with FA on i:12 serum SS agar. 

A. Sti 950 (i) + TM2 (1,2) x- UC [b:enxl 

B. i- 12+ x- i5c b:s 

c. SW 950 (12-) + TM2 (i+) x-- l4c 

D. x- 15c 

i and 1,2 from single colonies. 

.l ql 1:l culture mix + $H .2ml FA 
pipette spread. 

lOA27: All plates rather overspreac 
(medium still t&o moist; insuff. 
antiserum?) 

P28 

Pick whatever swarms as possible, and stationa3!y growth (A,, B,...). Streak these out 
as well as inocula. 

g;rozs,;t:de agg. Colonies on EM!3 Gal Individual colonies 
AB hoc ,x-f 5+ all ok/ 
CD inoc " " Y! 

13 5-,, all i 
-=+ al i all 12 

Ao i' 12++ ca 5+:1- all12 all i ok 
Bo + ++ 3+:1- -' " .: , .fl: I, 
co ++ ++ +=, 5 i..ii &j&i) & 1~12 ? 
DO ++ ++ +=- 5 U12) all i:12 ! ? 

Co and Do reacted very poorly directly from coldnies and were therefore 
reinoculated into broth and then tested. 
this diphasicity. 

It is still IQV~&OUS that they should show 
Restreak and cf. C-D inoculum. 

In first run, A and C gave discrete swarms; B and D were badly overspread, and must 
be regarded as pooled (and possibly biassed) 
swarms. 

A: l-5 all Gal- b 
c: l-3 Gal+ b 

B: 1 Pred. Gal- (5/5 b); few + (5[5 em) 

These are in agreement with result of 9'79JK, 
and may also show directive 
recipient phase (homophasic) 

preference of 

Countlb- lenx+ 
.G. II 

; 
almostpure Gal+ , 5/5 em 
pred,. Gal + (5/5 e&;few - (5/5 b) It t1 

4 pred. Gal+ (2/5 enx 3/5 123) - 5/5 b H II 
3 4QE+ 

D: l-3 All virtually pure Gal+ b. 3 b+ . . . . . 
Rerun @,D using smaller incoiUa (same suspensions). Still overspread, but mod. well 

isolated swarms. 
B: 2 Gal- b : 2 Gal- enx [sic] 

D: 11 Gal+ b : 2Gal+ enx: 1 Gal-enx 
Total homoph b heteroph b homo enx 

A +-s - 
B es 
C 
D L 

heteroph enx 
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UNIVERSITY OF ILLINOIS 
DEPARTMENT OF BACtERlOLOGY 
362 NOYES USORATORY OF CHEMISTRY 

URBANA 

ILTOU. 24, 1953 

My dear Dr. Lederberg, 

Did you really think I would remember? I'm afraid I can't tell 
any more about the experiments than what is recorded, which isn't much; 
is it? lhis ia the best I can do by way of sum ary. 

in 
I do remember that/the filter paper transfer experiments, before 

I started using I'z and selecting marked (LX-) cells, I ;das plagued by 
a peralstent excess of Iac f arid/or 9’ cells, ti:ose which s;.arted to grow 
under direzi observation but failed 50 produce czlonies on sm agar. 
Several times I assayed the parental mbxture to affirm that this excess 
was greater khan might be expected from a :Agher titer of V-1895. I also 
tried inoculating fresh. broth from the mixture at the time the cells ::ere 
deposited in the micro-c'camber and reaasaying at the time the mizrocoloniee 
were plated, but something alwars ha??ened to make these assays unreliable, 
and I don't know what happen8 to the proportion of the mixture in broth. 
Do you? 

?lle single cell isolations, 7813 -7/29/J& seem to have been 
plated on Lao without em. I rezorted that the UK icolonies from the 
mixed plate, 7/2ic were tested and found to be Sr. Probably thoee from 
the tvo n'xed plates,7/15, were also tested and found to be SE. I don't 
know about the Lac-. It could have been the result you suggest, but I 
wouldn't base any conclusions on it. I think I saved the cultures, but 
jf' you can't find them I don't suppose I could. The I.ac +plate in that 
(7/13) experiment probably arose from an unmarked cell that stuck to the 
needle and got pulled out by mistake (see drawing of isolationf. 

Good Luck 8 amd Ha;,jr i 'hanksgivhng ';o you and 3sther and Seymour. 



. _ 

Conclusions (U/28/53) 

Ethelyn's experimnts were direct& at a different objectiveA A few cases of 

cells g iV i% SR+ recombinants are recorded. Unfortunately mst of the experiments 

involved plating diractly to EZB Lac m. Part of series III was plated on E&D Lat. 

There were two occasions of Lac+/- from l-cells. But the two from T/l5 (presumably 

sisters) were not saved arxi there is no explicit record of tests for 2. WL thinb 
bi- 

they were both Lac+SS/Lac-Sr (parentals). T/24 were saved, presumbly Pl + Rl, 

are being checked now. Her :rork is therefore not too useful. [My recollection 

agrees with ERL on the ‘J/15 expt. I. 
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